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GLOSSARY 


Base flow - sustained or fair weather runoff. In most streams, base 
runoff is composed largely of groundwater effluent. 


Discharge - the actual flow in a stream, whether or not subject to 
regulation, or underflow. 


Diversion - the taking of water from a stream into a canal, pipeline, 
or other conduit. 


Drainage area - the drainage area of a stream at a specified location 
is that area measured in a horizontal plane which is enclosed by a drainage 
divide. 


Gaging station - a site at which systematic observations of stream 
flow are obtained. Gaging stations cited in this report provide contin- 
uous records. 


Index station - the gaging station with which low-flow, partial-record 
sites are correlated. The discharge at index stations is not known to be 
affected by diversion or regulation. 


Low flow - see "Base flow." 


Low-flow partial-record station (LFPR) - a site where base-flow 
measurements are collected on a systematic basis over a period of years. 


Low-flow year - a continuous period from April 1 to March 31, 
designated by the calendar year during which it starts. 


MA7CD2 - minimum average 7-consecutive-day flow at a recurrence 
interval of 2 years. 


MA7CD10 - minimum average 7-consecutive-day flow at a recurrence 
interval of 10 years. 


Miscellaneous measurements - discharge measurements made at sites 
other than gaging stations or low-flow partial-record sites. In this 
report, probably made during base-flow conditions. 


Period of record - the water years (October 1 to September 30) from 
which data on a given site are available. 


Recurrence interval - the average time interval within which a flow 
of a given magnitude will recur once. 


Regulation - artificial alteration of the natural flow of a stream 
to serve a specific purpose. 


Water year - a continuous period from OctobeT 1 to September 30, 
designated by the calendar year in which it ends. 
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LOW-FLOW DATA AND FREQUENCY ANALYSIS OF 


STREAMS IN NEW YORK EXCLUDING 


NEW YORK CITY AND LONG ISLAND 


By 


Benjamin B. Eissler 


ABSTRACT 


Minimum average 7-day 2-year and 10-year discharges of 926 stream 


sites in New York excluding New York City and Long Island are listed. 


Also included are base-flow measurements at sites for which no statistics 


were computed. This report evaluates data collected before October 1975. 


Data are provided for gaging stations on 154 unregulated and 124 regulated 


I 
streams, 648 low-flow partial-record stations, and 2,384 miscellaneous . 


sites. All measurement-site locations are shown on maps. A short text 


explains the procedures used and the methods of calculation. 
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INTRODUCTION 


The growth of population and industry in New York has increased the 
need for information on flows of streams. Knowledge of the magnitude and 
frequency of low flows is essential to planning and regulation of activ- 
ities associated with surface-water resources. Examples of the uses of 
low-flow data include design of water-supply and waste-treatment facilities 
and evaluation of the impact of present or proposed facilities on the 
stream system. Regulatory agencies enforcing environmental decisions 
for preservation of wetlands and other "natural-state" areas also use 
low-flow information in monitoring designated areas. 


Systematic use of low-flow partial-record stations began in the 
1950's and increased in response to the drought of the early 1960's. 
About 30 percent of the measurement sites used in the current U.s. Geo- 
logical Survey stream-gaging program were established during 1962-64. 


This study was conducted from 1976-77 in cooperation with the 
New York State Department of Environmental Conservation. 


Purpose and Scope 


This study was undertaken to prov:f.de a compilation of data on the 
low flows of New York streams outside Long Island and the metropolitan 
area of New York City. The most frequently used type of low-flow data 
is the minimum 7-consecutive-day average discharge that is expected to be 
exceeded in all but one year in 2, or one year in 10. These statistical 
values are commonly referred to as the minimum average 7-day 2-year dis- 
charge (MA7CD2) and the minimum average 7-day 10-year discharge (MA7CDlO). 


The MA7CD2 and MA7CDIO were computed directly from daily flow records 
of 154 gaging stations on unregulated stream reaches
 8 of which are close 
to but outside the State of New York, and from the records of 124 gaging 
stations on regulated streams, 2 of which are outside the State boundary. 
Locations of sites are shown on plate 1; data for these sites are given in 
table 1 (at end of report). 


Low-flow partial-record (LFPR) stations were established and operated 
to provide low-flow information where records of daily discharge were not 
available. MA7CD2 and MA7CD10 values are given for 648 LFPR stations in 
table 1; locations of these sites are shown in plate 2. 


Miscellaneous measurements that do not belong in either of the above 
categories, but that were pertinent to this study, are listed in table 2 
(at end of report); miscellaneous-site locations are shown in plate 1c. 


Values of MA7CD2 and MA7CDIO at gaging-station sites were computed 
from records through water year 1975; data obtained since 1975 were used 
to compute these values for some LFPR stations and miscellaneous-measurement 
sites. 
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Some of the data in this report were obtained from the following pub- 
lications (see "Selected References" for titles and publishers): 


Ayer and Pauszek (1968) 
Giese and Hobba (1970) 
Harding and Gilbert (1968) 
Ku, Randall, and MacNish (1975) 
Vaupel (1967) 
Waller and Ayer (1975) 


Data from the above sources were reviewed and revised as necessary. The 
low-flow data from Harding and Gilbert (1968) are noted with the symbol 
"E" in table 1. They were computed by somewhat different procedures 
from those described herein and were not updated for this study. 


Methods of Analysis 


Gaging Stations 


Low-flow characteristics of streams at gaging stations are determined 
from low-flow frequency curves as described in Riggs (1972). At least 10 
years of record are needed for this determination. 


The procedure used to determine the discharge/frequency relationship 
for 7-day low-flow values is as follows: 


(1) find the lowest mean 7-consecutive-day discharge in each low-flow 
year (year ending March 31); 


(2) arrange them in order of magnitude; and 


(3) compute the recurrence interval for each discharge by the plotting 
position formula 


(n + l)/m 


where n is the number of items (years), and 
m is the order number obtained under (2). 


The discharges are then plotted against recurrence interval on log- 
probability graph paper, and a smooth curve is drawn to fit the points. 
The discharge for the desired recurrence interval may be determined 
from this graph. 


For this report, a computer program was used to determine discharge/ 
frequency relationships for all sites having a complete record of daily 
discharges. The program mathematically fitted these discharge data from 
the gaging station to a log Pearson Type III distribution, plotted the 
data on a graph, then plotted the computed distribution curve. A sample 
of a printout from this program is shown in figure 1. Input data are the 
discharges during the lowest mean 7-day periods for each low-flow year
 
followed by statistical measures and probabilities and recurrence intervals 
with their discharges. 
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Twelve gaging stations included in this report were operated only 
during ice-free periods and thus provided no winter record. Comparison 
of these records with those of nearby stations indicate that the period 
of lowest 7-day average flow probably did not occur during the winter. 
Because the computer program could not process incomplete periods of 
record, low-flow characteristics for these sites were computed from 
graphs. 


The only type of regulation considered in this report is that which 
affects low flow. For example
 a gaging station downstream from a flood- 
control reservoir that has no permanent pool would not be noted as regu- 
lated because the reservoir would not affect low flows
 whereas a reservoir 
with a permanent pool is considered regulated. Any diversion for water 
supply or other purposes, or any inflow such as sewage-treatment plant 
effluents, is also considered as regulation. 


Analyses of regulated gaging stations are included in this report 
because they provide an indication of the flow patterns subsequent to 
start of regulation. Caution should be exercised when making projections 
concerning expected flow rates on regulated streams, for these can change 
as operating agencies vary their operating procedures. Where enough 
record is avai1able
 discharge/frequency relationships are shown for both 
regulated and unregulated periods. If it is known that the regulation 
pattern has changed
 separate discharge/frequency relationships are shown 
for each known period of constant regulation. An example of this is 
station 01367500, Rondout Creek at Rosendale. The period 1926-44 was 
unregulated, emergency diversions were made from this stream from 1944-51, 
and from 1952-75, the station was regulated by Rondout Reservoir and is 
analyzed as a regulated station. The period 1944-51 was too short for 
analysis; therefore, no frequency assessment is included. A history of 
each stream's regulation is given in U.S. Geological Survey, "Water 
Resources Data for New York" (published annually), in the "Remarks" 
paragraph far each pertinent station. 


The average standard error for unregulated gaging stations was 
computed as described in Hardison (1969) and shows an average standard 
error of the MA7CD10 for a gaging station with 10 years of record to be 
22 percent, and for one with 50 years of record to be 9 percent. A tab- 
ulation of the average standard error for the MA7CD2 and MA7CD10
 listed 
by major drainage basins, is shown in table 3 (p. 6). 


The standard error for MOhawk and lower Hudson basins as well as 
Delaware and Susquehanna basins are shown together because the results 
for each were identical. Streams tributary to the Great Lakes (Lake 
Erie, Niagara River, and Lake Ontario) were grouped together because 
results appeared consistent and the data needed for separate analysis 
were not available. 


Low-Flow Partial-Record (LFPR) Stations 


Because it is not economical or practical to establish a gaging 
station at every site where low-flow data are needed, low-flow partial- 
record stations may be used to provide the needed data if satisfactory 
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index sites are available. At each LFPR site, at least five base-flow 
measurements were made over a period of at least 2 years. These meas- 
urements were then correlated with the concurrent daily mean flows at 
index stations, and the MA7CD2 and MA7CDIO were derived from graphs. 


For a relevant correlation, the measurement at the LFPR site must be 
made under base-flow conditions, and the stream at the index stations must 
also be at base flow. During periods of scattered thunderstorms, it is 
difficult to judge whether base-flow conditions prevail when measurements 
are being made. If the index-station record shows a steady recession for 
at least 5 days prior to the date of measurement
 it is reasonable to 
assume base flow at the index station. If base-flow conditions at the 
LFPR site were assumed but correlation with the index stations do not 
bear this out
 the measurement was eliminated from the correlation. 


An index station must (1) be unregulated, (2) be near enough to the 
LFPR site to receive similar patterns of precipitation, (3) have geologic 
and soil characteristics similar to those of the LFPR site, and (4) have 
a drainage area less than 10 times that of the LFPR site. Ideally, an 
index station should be on the same stream, or at least in the same drainage 
basin
 as the site with which it is being correlated. 


For this study, generally three but as many as five nearby index 
stations were used to estimate the low-flow characteristics of an LFPR 
site. Correlations that seemed consistent were averaged; LFPR sites 
that did not correlate with any index sites, presumably because of 
natural or manmade factors
 were omitted from the analyses. 


TabZe 3.--Average standard error of estimates of 7-day 2-year and 
7-day ZO-year Zow !iows at gaging stations in major 
New York dPainage basins 
[aZZ vaZues aPe in peraent] 


Period of record 
MA 7CD2 MA7CDIO 
Basin 10 yr 50 yr 10 yr 50 yr 
Upper Hudson River 13 6 17 8 
MOhawk and lower Hudson Rivers 21 8 25 11 
Delaware and Susquehanna Rivers 17 8 24 10 
Streams tributary to 
Great Lakes 15 5 21 9 
Streams tributary to 
St. Lawrence River 8 3 12 5 
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To expedite the analyses described above and to minimize errors and bias, 
a computer program was used to plot the data and compute and plot a 1east- 
square fitted line through the data points. This correlation was examined 
for fit and outliers and was then modified as needed before intercepts of the 
MA7CD2 and MA7CDIO were assigned. An example of such a correlation is given 
in figure 2. The printout shows the statistical measures of the process; 
the X values are the MA7CD2 and MA7CD10 for the index station; the Y values 
are the computed corresponding discharges of the LFPR sites. 


In table l
 the low-flow values of gaging stations and low-flow 
partial-record stations are arranged in the downstream order used in the 
U.S. Geological Survey Water-Supply Papers on surface-water supply of the 
United States (see "Selected References"). 


To determine the accuracy of the MA7CD2 and MA7CDIO estimates pre- 
sented for LFPR sites, 25 stations were chosen at random
 and a standard 
error for each was computed by the method described by Hardison and MOss 
(1972). This method considers both (1) the error in correlation of the 
LFPR with the index gaging station, and (2) the standard error of the low- 
flow frequency of the index gaging station. The standard error of the 
index sites ranged from 5 to 25 percent
 with a median of 10 percent. The 
standard error of the LFPRs ranged from 10 percent to more than 100 percent, 
with a median of 23 percent. 


Miscellaneous Sites 


Data from sites where low-flow measurements were made but estimates of 
MA7CD2 and MA7CDIO could not be made are compiled in table 2; locations of 
these sites are shown on plate 3. Also included in table 2 and plate 3 are 
LFPR sites for which correlation failed because no representative index 
gaging station was available. 


SUMMARY 


The data in this report represent a summary of the information avail- 
able on low flows in New York excluding New York City and Long Island. 
The maps show the locations and types of all measurement sites, and the 
tables provide information on size of drainage area and amount of data 
currently available. The data presented form a data base from which a 
study to develop techniques to predict minimum average 7-day 2-year and 
7-day 10-year low flow rates at ungaged sites in New York could begin. 
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